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Abstract 
The research was conducted at three levels of altitude i.e 80 m asl (Kediri), 530 m asl (Malang), and 800 m asl (Ponorogo). The 
purpose of this research was to evaluate cassava clones under three altitudes (80 m asl, 530 m asl, and 800 m asl) and to identify 
cassava clones that tolerant to low temperature zones at medium altitude in the tropics. Criteria that used for selection the best 
clone in different altitude were stress tolerance index (STI), stress susceptibility index (SSI), stress tolerance (TOL), mean 
productivity (MP), and yield stability index (YSI). The result showed that stress tolerance index (STI) and mean productivity 
(MP) were good criteria for selecting cassava clones that tolerant to higher altitude. Tuber yield loss at 530 m asl was 32 %, 
while at 800 m asl was 86 %, compared to tuber yield at 80 m asl. Malang 4 (G3) and CMM 03038-7 (G8) are adaptive clones to 
environment at medium altitude up to 800 m asl.  
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Nomenclature  
asl above sea level         YS2 Yield at 800 m asl 
STI Stress Tolerance Index     YP  Yield mean at 80 m asl 
SSI Stress Susceptible Index     1YS  Yield mean at 530 m asl 
TOL Tolerance Index      2YS  Yield mean at 800 msl 
MP Mean Productivity      SI Stress Intensity 
YSI Yield Stability Index       1 t   =     103 kg  
YP Yield at 80 m asl (under normal condition)   mo          month  
YS1 Yield at 530 m asl 
1. Introduction  
Indonesia is one of major cassava-producing countries in the world which dominate 9 % of production and 12 % 
of the harvested area. Nigeria, Brazil, Congo, Thailand, and Indonesia dominate 60 % of cassava production level in 
the world [1]. Cassava demand has increased continuously each year by the rate of increase of 3.63 % per year [2]. 
Utilization of cassava in Indonesia is for food, feed, and fuel (bioethanol). However, the use of cassava as a raw 
material of bioethanol needs special attention because cassava is staple food for most of Indonesian people [1]. 
Currently, the proportion of demand for cassava is larger than cassava production. Consequantly, if no additional 
production, will occur  deficit about 126 × 103 t. To meet the needs of the national cassava consumption in the 
amount of 24 × 106 t and 0.4 × 106 t for feed, then on the average productivity level of 18.7 t  ha–1 required harvested 
area of   1.3 × 106 ha. To achieve these targets required the addition of planting area appoximately 106 thousand 
hectares [1].  
Cassava is adaptive in tropical environment with high temperature and solar radiation for optimal leaf 
development and the photosynthetic potential [3]. Cassava requires warm climate for optimal growth and 
productivity, but it is also cultivated in low temperature climates at high altitudes in the tropics and at low altitude in 
the sub-tropics [4]. When grown in cooler zones such as tropical high altitudes and in low-land sub-tropics, leaf net 
photosynthetic rate is greatly reduced and growth in slower. Thus, the crops requires longer period for a reasonable 
productivity [5,6]. Tropical environments at low altitude have higher temperature that correlated with higher crop 
growth rate (CGR) and high photosynthetic rate [7]. Maximum cassava growth and productivity requires high 
temperature (25 oC), high solar radiation, high air humidity, and sufficient rainfall during most of the growth period 
[8].  
Cassava is widely adapted to a variety of environmental conditions, but usually the adaptability of most varieties 
is narrow and shows large genotype × environment (G × E) interaction effects. So to ensure that productivity of a 
particular genotypes is maximum, it must be grown in the suitable environment [9]. The research that conducted at 
two locations in Ghana showed variation in the response of the genotypes across different locations. Tuber yield of 
the genotype range from 31.17 t  ha–1 to 56.17 t  ha–1 [10]. Stability of nine cassava promising varieties was 
conducted at four location and two season. The clones, location/environment, and their interaction was significantly 
affect to yield and starch yield [11]. It is showed that cassava tuber yield was very influenced by environment. 
Therefore, breeding selection program to select cassava clones that tolerant to medium or high altitude were 
needed. The study was undertaken to evaluate yield and yield components of cassava clones under three altitudes 
(80 m asl, 530 m asl, and 800 m asl) and to identify cassava clones that tolerant to low temperature zones at medium 
altitude in the tropics. 
 
2. Material and method  
The research was conducted at three level of altitude i.e 80 m asl (Kediri), 530 m asl (Malang), and 800 m asl 
(Ponorogo). Fifteen cassava clones (CMM 03025-43 (G5), CMM 03036-7 (G6), CMM 03036-5(G7), CMM 03038-
7 (G8), CMM 03094-12 (G9), CMM 03094-4 (G10), CMM 03095-5 (G11), CMM 02040-1 (G12), CMM 02033-1 
(G13), CMM 02035-3 (G14), CMM 02048-6 (G15), and four control varieties, namely UJ5 (G1), Malang 6 (G2), 
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Malang 4 (G3), and Adira 4 (G4)) were planted at each location arranged in randomized complete block design with 
three replications. Cassava was planted in a plot size of 5 m × 5 m with a spacing of 100 cm × 80 cm. Cassava 
cuttings about 20 cm long are planted with the vertically position of cuttings. Fertilization was given twice, at one 
month after planting  with a dose of  100 kg  ha–1 Urea  + 100 kg  ha–1 SP36  + 100 kg  ha–1 KCl, and at 3 mo  after 
planting with 100 kg ha–1  Urea. Weeding was performed twice, at one and 3 mo after planting. The activities to 
improve the ridge were carried out before fertilization. Removal shoots with leaves two best buds performed at two 
months after planting. Harvest was done at 10 mo. The characters that observed were large tubers number, small 
tubers number, large tubers length, small tubers length, large tubers diameter, small tubes diameter, tuber 
yield/plant, harvest index, tuber yield (t  ha–1), starch yield (t  ha–1), and dry matter yield (t  ha–1). Excel programme 
was used for data analyses.  
Criteria that used to select the best clone in different altitude were stress tolerance index (STI), stress 
susceptibility index (SSI), stress tolerance (TOL), mean productivity (MP), and yield stability index (YSI), defined 
as follows : > @
2)(
))((
YP
YSYPSTI       [12]                                                                                                                                   (1) 
SI
YP
YS
SSI
»¼
º«¬
ª 
 
1
         [13]                                                                                                                                   (2) 
¸¸¹
·
¨¨©
§
¹¸
·
©¨
§ 
YS
YP
YP
YSYSI     [14]                                                                                                                                   (3) 
YSYPTOL             [15]                                                                                                                                   (4) 
2/)( YSYPMP     [15]                                                                                                                                    (5) 
Where YP = mean of the genotype under low altitude, YS = mean of the genotype under medium and high altitude, 
YP = yield mean of all genotype under low altitude, YS = yield mean of all genotype under medium dan high 
altitude, and 1 – (YS /YP ) is stress intensity (SI). 
3. Results and discussion  
All characters were observed to decrease with increasing altitude, except in small tubers number, large and small 
tubers length. Small tubers number, large and small tubers length increased with increasing altitude growing. The 
mean of small tubers number at 530 m asl is 1.22 % compared with 80 m asl, meaning that it increases about 22 % 
with increasing altitude up to 530 m asl, while at 800 m asl, the mean of small tubers number increased 
approximately 33 %. Large and small tuber length also increased at 530 m asl, 19 % for large tubers length and         
40 % for the small tubers length. However, at 800 m asl, large tuber length decreased 40 %, while the small tubers 
length increased 38 % (Table 1). 
Tuber yield mean at 530 m asl and 800 m asl compared to 80 m asl were 68 % and 14 %, respectively, means that 
tuber yield decrease 32 % at 530 m asl and 86 % at 800 m asl. Starch yield at 530 m asl ccompared to 80 m asl was 
71 %, means that starch yield decrease 29 %, while starch yield at 800 m asl compared to 80 m asl was 10 %, means 
that starch yield decrease 90 %. Dry matter yield also decrease with increasing altitude. At 530 m asl, dry matter 
yield was 78 % compared to 80 m asl, and at 800 m asl dry matter yield was 15 % compared to 80 m asl. It shows 
reduction in dry matter yield 22 % and 85 % at 530 m asl and 800 m asl (Table 1).  
Yield reduction of cassava at medium to high altitude is caused by leaf net photosynthetic rate is greatly reduced 
when cassava grown in cooler area such as in tropical high altitude and in low-land sub-tropics, and growth is 
slower compared to zones in low altitude. Thus, the crops requires longer period for a reasonable productivity [5]. 
Dry weight per plant and root dry matter decreased associated with temperature. The main effect of temperature in 
decreasing yield will cause to decreasing the total biomass production. It has frequently been suggested that lack of 
leaf area limits cassava productivity [12]. Akparobi have evaluated eight cassava genotypes at two locations with 
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different altitude. Total dry matter per plant was higher at higher altitude than lower altitude. However, this study 
was not measure selection criteria such as STI, TOL, GMP, etc [16].  
 
Table 1. Descriptive statistics of yield and yield components of cassava clones in different altitudes  
 
Characters 
Kediri (80  m asl) Malang (530 m asl) Ponorogo (800 m asl) Comparison 
Mean Range SD Mean Range SD Mean Range SD A B 
Large tubers number 4.68 2.25 to 7.40 1.04 3.17 1.00 to 6.20 1.19 0.69 0.00 to 2.50 0.76 0.68 0.15 
Small tubers number 5.23 1.00 to 10.80 2.00 6.38 3.00 to 10.60 1.82 6.97 3.20 to 11.60 2.15 1.22 1.33 
Large tubers length 26.90 20.19 to 36.05 3.69 32.00 22.95 to 40.68 4.75 16.04 0.00 to 52.00 17.14 1.19 0.60 
Small tubers length 13.86 4.60 to 20.99 2.62 19.47 13.21 to 25.36 2.80 19.11 13.30 to 26.33 3.18 1.40 1.38 
Large tubers diameter 6.58 4.41 to 7.84 0.59 5.20 4.02 to 6.50 0.53 2.18 0.00 to 4.95 2.17 0.79 0.33 
Small tubers diameter 4.62 3.58 to 6.26 0.51 3.65 2.58 to 4.55 0.45 3.59 2.81 to 10.82 1.35 0.79 0.78 
Tuber Yield/plant 4.42 2.20 to 6.76 0.85 2.97 1.12 to 5.54 1.10 1.17 0.44 to 2.24  0.43 0.67 0.26 
Harvest index 0.56 0.35 to 0.76 0.09 0.47 0.26 to 0.63 0.10 0.50 0.27 to 0.89 0.12 0.84 0.89 
Tuber yield (t ha–1) 54.84 33.32 to 81.83 10.99 37.08 13.98 to 68.14 13.76 7.79 1.50 to 13.81 3.22 0.68 0.14 
Starch yield (t ha–1) 11.65 7.48 to 17.17 2.26 8.23 2.73 to 16.14 3.31 1.18 0.19 to 2.52 0.54 0.71 0.10 
Dry matter  yield (t ha–1) 24.00 13.39 to 35.76 5.04 18.71 6.64 to 33.42 6.91 3.69 0.70 to 6.88 1.57 0.78 0.15 
A = percentage of means in medium stress compared to non-stress conditions 
B = percentage of means in high stress compared to non-stress conditions 
 
 
Table  2. Correlations between criteria that used for selection the best genotype in different altitudes 
 
Tuber yield 
Stress intensity (SI) at 530 m asl = 0.35 
YP YS1 STI SSI TOL MP YSI 
YP 1 0.44ns 0.76** 0.30ns 0.55* 0.85** 0.28ns 
YS1 1 0.91** -0.72** -0.51ns 0.84** -0.72** 
Stress intensity (SI) at 800 m asl = 0.85 
YP YS2 STI SSI TOL MP YSI 
YP 1 0.47ns 0.83** 0.18ns 0.97** 0.98** -0.03ns 
YS2 1 0.87** -0.77** 0.25ns 0.62** -0.86** 
Starch yield 
Stress intensity (SI) at 530 m asl = 0.32 
YP YS1 STI SSI TOL MP YSI 
YP 1 0.51ns 0.77** 0.17ns 0.41ns 0.85** 0.16ns 
YS1 1 0.93** -0.75** -0.58* 0.88** -0.74** 
Stress intensity (SI) at 800 m asl = 0.89 
YP YS2 STI SSI TOL MP YSI 
YP 1 0.54* 0.83** 0.13ns 0.99** 0.99** -0.18ns 
YS2 1 0.90** -0.75** 0.40ns 0.65** -0.85** 
Dry matter yield 
Stress intensity (SI) at 530 m asl = 0.24 
YP YS1 STI SSI TOL MP YSI 
YP 1 0.54* 0.80** 0.19ns 0.37ns 0.86** 0.20ns 
YS1 1 0.93** -0.72** -0.58* 0.89** -0.69** 
Stress intensity (SI) at 800 m asl = 0.84 
YP YS2 STI SSI TOL MP YSI 
YP 1 0.49ns 0.82** 0.21ns 0.97** 0.98** -0.11ns 
YS2 1 0.89** -0.73** 0.26ns 0.65** -0.87** 
** = significant different (p < 0.01)  ns = not significant (p < 0.05)  
Positive value = positive correlation  Negative value = negative correlation 
YP =  yield mean at 80 m asl   YS2 = yield mean at 800 m asl 
YS1 = yield mean at 530 m asl       
 
      Correlation analysis results between selection criteria (STI, SSI, TOL, MP, YSI) and genotype mean yield under 
non stress (YP) and under stress (YS1 and YS2) were shown in Table 2. It was elucidated that the parameter 
selection STI and MP have significant correlation with YP, YS1, and YS2, in tuber yield, starch yield and tuber dry 
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matter yield. Thus it can be stated that Stress Tolerance Index (STI) and Mean Productivity (MP) were good criteria 
for selection cassava clones that tolerance to high altitude.   
     For tuber yield, the stress intensity at 530 m asl was 0.35 and at 800 m asl was 0.85. Three genotypes that have 
the highest value of STI and MP at 0.35 stress intensity were G3, G8, and G10, whereas at the stress intensity of 
0.85 were G3, G6, and G8. At the stress intensity of 0.85, the STI value of G3 was similar to G2, but G3 had a 
higher MP value than G2 (Table 3). The STI value demonstrated high yield potential and high tolerance [8], and the 
high MP value also indicates the high yield potential both at optimal and stress conditions, and it has been shown 
with a positive correlation between the MP value with YP and YS both YS1 and YS2. The percentage of yield loss in 
the stress intensity 0.35 ranged from 11.55 % (G10) to 56.37 % (G7). The STI and MP value of G7 was relatively 
low so that G7 was not tolerant or less adaptive at altitude of 530 m asl. At the stress intensity 0.85, the range of 
yield loss was 74.10 % to 91.63 %, where the genotype that have the highest yield loss at 800 m asl was the G11 
with the lowest value of STI and MP, so that G11 was not tolerant at  800 m asl (Table 3). 
 
Table 3. YP, YS1, YS2, STI, MP, and YR values of  tuber yield under  stress intensity 0.35 and 0.85 
 
Genotype 
(G) 
Stress Intensity (SI) at 530 m asl = 0.35 Stress Intensity (SI) at 800 m asl = 0.85 
YP YS1 STI MP YR (%) YP YS2 STI MP YR (%) 
1 44.22 33.71 0.50 38.97 23.77 44.22 7.02 0.10 25.62 84.12 
2 62.97 37.41 0.79 50.19 40.59 62.97 9.59 0.20 36.28 84.77 
3 67.91 51.99 1.18 59.95 23.44 67.91 8.41 0.19 38.16 87.62 
4 56.15 28.88 0.54 42.52 48.57 56.15 8.19 0.15 32.17 85.41 
5 53.61 30.77 0.55 42.19 42.60 53.61 6.29 0.11 29.95 88.27 
6 67.79 33.29 0.75 50.54 50.89 67.79 10.16 0.23 38.98 85.01 
7 52.21 22.78 0.40 37.50 56.37 52.21 9.43 0.16 30.82 81.94 
8 66.39 44.36 0.98 55.38 33.18 66.39 11.19 0.25 38.79 83.15 
9 44.46 38.66 0.57 41.56 13.05 44.46 5.24 0.08 24.85 88.21 
10 58.34 51.60 1.01 54.97 11.55 58.34 9.14 0.18 33.74 84.33 
11 44.43 28.05 0.42 36.24 36.87 44.43 3.72 0.06 24.08 91.63 
12 48.78 37.45 0.61 43.12 23.23 48.78 9.2 0.15 28.99 81.14 
13 53.28 40.11 0.71 46.70 24.72 53.28 8.59 0.15 30.94 83.88 
14 58.42 26.94 0.53 42.68 53.89 58.42 6.94 0.14 32.68 88.12 
15 41.93 30.77 0.50 36.35 26.62 41.93 10.86 0.15 26.40 74.10 
Yield Reduction (YR) = (YP – YS)/YP x 100 % 
 
 
Table 4.  YP, YS1, YS2, STI, MP, and YR values of  starch yield under stress intensity 0.32 and 0.89 
 
Genotype 
(G) 
Stress Intensity (SI) at 530 m asl = 0.32 Stress Intensity (SI) at 800 m asl = 0.89 
YP YS STI MP YR (%) YP YS STI MP YR (%) 
1 10.14 8.19 0.62 9.17 19.23 10.14 1.31 0.10 5.73 87.08 
2 12.82 6.73 0.64 9.78 47.50 12.82 1.44 0.14 7.13 88.77 
3 14.85 12.64 1.39 13.75 14.88 14.85 1.33 0.15 8.09 91.04 
4 12.17 6.38 0.58 9.28 47.58 12.17 1.37 0.12 6.77 88.74 
5 11.24 7.75 0.65 9.50 31.05 11.24 0.84 0.07 6.04 92.53 
6 14.36 7.85 0.84 11.11 45.33 14.36 1.64 0.17 8.00 88.58 
7 10.83 4.55 0.37 7.69 57.99 10.83 1.55 0.12 6.19 85.69 
8 13.63 10.20 1.03 11.92 25.17 13.63 1.85 0.19 7.74 86.43 
9 9.16 8.57 0.58 8.87 6.44 9.16 1.00 0.07 5.08 89.08 
10 12.41 11.00 1.01 11.71 11.36 12.41 1.43 0.13 6.92 88.48 
11 8.98 5.98 0.40 7.48 33.41 8.98 0.40 0.03 4.69 95.55 
12 10.97 9.18 0.75 10.08 16.32 10.97 1.31 0.11 6.14 88.06 
13 12.14 8.53 0.77 10.34 29.74 12.14 1.35 0.12 6.75 88.88 
14 12.36 5.77 0.53 9.07 53.32 12.36 1.25 0.11 6.81 89.89 
15 8.18 5.93 0.62 7.06 27.51 8.18 1.42 0.09 4.80 82.64 
Yield Reduction (YR) = [(YP – YS)/YP] x 100 % 
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Stress intensity at 530 m asl for starch yield was 0.32 and 0.89 at 800 m asl. Three genotypes that had the highest 
value of STI and MP at 0.32 stress intensity were G3, G8, and G10, whereas on the stress intensity 0.89, the clone 
which had the highest STI and MP were G3, G6, and G8 (Table 4). The percentage of starch yield loss in the stress 
intensity 0.32 ranged from 6.44 % (genotype G9) to 57.99 % (genotype G7). The STI and MP values of G7 
genotype was lowest for starch yield at 530 m asl so less adapt to that environment. At the stress intensity 0.89, 
range of starch yield loss was 82.64 % to 95.55 %, in which the most reduction in starch yield potential at 800 m asl 
was G11 with the lowest value of STI and MP, so that at 800 m asl, G11 was not tolerant (Table 4). 
  
 
Table 5.  YP, YS1, YS2, STI, MP, and YR values of dry matter yield under stress intensity 0.24 and 0.84 
 
Genotype 
(G) 
Stress intensity (SI) at 530 m asl = 0.24 Stress intensity (SI) at 800 m asl = 0.84 
YP YS STI MP YR (%) YP YS STI MP YR (%) 
1 20.59 16.95 0.61 18.77 17.68 20.59 3.29 0.12 11.94 84.02 
2 27.51 19.11 0.92 23.31 30.53 27.51 4.55 0.22 16.03 83.46 
3 29.31 27.09 1.38 28.20 7.57 29.31 4.02 0.21 16.67 86.28 
4 24.24 14.57 0.62 19.41 39.89 24.24 3.74 0.16 13.99 84.57 
5 24.35 16.76 0.71 20.56 31.17 24.35 3.09 0.13 13.72 87.31 
6 29.93 16.40 0.86 23.17 45.21 29.93 4.90 0.26 17.42 83.63 
7 21.91 11.34 0.43 16.63 48.24 21.91 4.22 0.16 13.07 80.74 
8 28.69 23.19 1.16 25.94 19.17 28.69 5.47 0.27 17.08 80.93 
9 19.40 18.99 0.64 19.20 2.11 19.40 2.49 0.08 10.95 87.16 
10 26.02 25.68 1.17 25.85 1.31 26.02 4.40 0.20 15.21 83.09 
11 18.49 13.67 0.44 16.08 26.07 18.49 1.57 0.05 10.03 91.51 
12 22.68 20.19 0.80 21.44 10.98 22.68 4.68 0.19 13.68 79.37 
13 24.31 19.75 0.84 22.03 18.76 24.31 3.90 0.17 14.11 83.96 
14 24.99 13.52 0.59 19.26 45.90 24.99 3.25 0.14 14.12 86.99 
15 16.81 14.36 0.42 15.59 14.57 16.81 4.96 0.15 10.89 70.49 
Yield Reduction (YR) = (YP – YS)/YP x 100 % 
 
 
     Stress intensity of dry matter yield at 530 m asl and 800 m asl were was 0.24 and 0.84, respectively. Genotypes 
that have the highest value of STI and MP on the stress intensity 0.24 for the dry matter yield were G3, G8, and 
G10, as well as on the stress intensity 0.84 (Table 4). On the stress intensity 0.24, percentage of dry matter yield loss 
ranged from 1.31 % (G10) to 48.24 % (G7). G7 genotype has low value of STI and MP for dry matter yield (almost 
the same with G15) so that G7 classified as not tolerant genotype or less adaptable in area at 530 m asl. With the 
stress intensity 0.84, range of dry matter yield loss was 70.49 % to 91.51 %. The genotype that have the highest 
reduction in dry matter yield at 800 m asl was G11 with the lowest value of STI and MP, so that the genotype that 
not tolerant at 800 m asl was G11. 
     Based on stress tolerance index (STI) and mean productivity (MP), Malang 4 (G3) and CMM 03038-7 (G8) were 
the best clones that tolerance to high altitude. These clones have high yield potential (tuber yield, starch yield, and 
dry matter yield) (Table 3, 4, and 5). 
 
4. Conlusions 
 
Based on the results of this study concluded that cassava tuber yield was strongly influenced by altitude, stress 
tolerance index (STI) and mean productivity (MP) were good criteria for selecting cassava clones that tolerant to 
medium to high altitude, Malang 4 (G3) and CMM 03038-7 (G8) were high yielding clones and adaptive to 
environment at medium altitude up to 800 m asl.  
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